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Background: In this paper we studied the functional neural substrates 
underlying the performance of homophonic spelling error detecting tasks-
including frequent and infrequent Spanish words- through functional Magnet-
ic Resonance Imaging (fMRI) procedure in subjects with low orthographic 
performance. Method: A block design was used to administer 2 visual tasks, 
with 2 experimental conditions each, to 8 healthy participants with low ortho-
graphic performance. In both tasks correct and misspelled Spanish words se-
quentially appeared. Participants were instructed to detect orthographic er-
rors in one task, as well as the presence of 1 specific vowel in the other. Image 
data were obtained from 32 axial contiguous slices and repetition time of 3 
seconds. Results: Significant bilateral activations were found, especially in 
medial temporal areas during the orthographic error recognition task perfor-
mance, whereas upper right and left frontal regions were significantly activat-
ed while detecting a specific vowel. Conclusions: These data are consistent 
with the literature and suggest an association between orthographic pro-
cessing and hyperactivation of bilateral cerebral areas in subjects with low 
orthographic skills, probably due to compensatory mechanisms.  
Keywords: Spelling, reading, visual word recognition, functional Mag-
netic Resonance Imaging, BOLD signal. 
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Estudio de neuroimagen en sujetos con baja competencia  
ortográfica ante tareas ortográficas con errores homófonos 
 
Antecedentes: En este trabajo se estudia la implicación de regiones 
cerebrales en la detección de errores ortográficos de tipo homófono en pala-
bras frecuentes e infrecuentes del español mediante Imagen por Resonancia 
Magnética funcional (IRMf) en sujetos de bajo desempeño ortográfico. Méto-
do: Se empleó un Diseño de Bloques para presentar visualmente 2 tareas y 2 
condiciones experimentales a ocho sujetos sanos con bajo desempeño orto-
gráfico. Se presentaron palabras correcta e incorrectamente escritas solici-
tándoles a los participantes, en la primera tarea, que detectaran la presencia 
de errores ortográficos, mientras que en la segunda se solicitaba que detec-
taran la presencia de una vocal específica en la palabra presentada. Las imá-
genes se registraron a partir de 32 cortes axiales contiguos con un tiempo de 
repetición de 3 segundos. Resultados: Se encontraron activaciones significa-
tivas en áreas temporales y mediales, de forma bilateral, en la tarea de re-
conocimiento de patrón ortográfico mientras que en la tarea de detección de 
vocales las activaciones significativas se observaron en la región frontal su-
perior derecha y frontal izquierda. Conclusiones: Los resultados son con-
gruentes con lo reportado en la bibliografía y sugieren que el pobre recono-
cimiento ortográfico se asocia con hiperactivación neural bilateral cuando se 
ejecutan tareas de este orden, a modo de un posible reclutamiento compensa-
torio. 
Palabras clave: ortografía, lectura, reconocimiento visual de palabras, 




 Reading is a complex cognitive process that requires the development and 
appropriate use of different morphological, orthographic, phonological and se-
mantic processing skills. Visual word recognition is a crucial component of the 
reading process. From a functional-anatomical perspective, this process in-
volves different neural networks whose expertise and progressive integration into 
a new neural network is a direct consequence of literacy and exposure to texts. 
Several functional imaging studies have identified specific word-processing areas 
in the occipito-temporal region (Kanwisher, Downing, Epstein, & Kourtzi, 2006). 
It is common knowledge that the greatest advantage of the functional magnetic 
resonance imaging (fMRI) technique is the accurate spatial localization of a cog-
nitive processes, assuming that an active process is reflected by a regional in-
crease of neuronal activity and blood flow (Bandettini et al., 1997; Buxton, 2002; 
Haacke, Brown, Thompson, & Venkatesan, 1999; Vendrell, Junque, & Pujol, 
1995).  
 The blood-oxygen-level dependent (BOLD) technique is the most commonly 
used fMRI imaging technique because of its noninvasive nature (Logothetis, 
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2002; Logothetis, Pauls, Augath, Trinath, & Oeltermann, 2001; Ogawa, Lee, Kay, 
& Tank, 1990). Hence, even though the fMRI (based on the BOLD signal) is not a 
direct measure of neuronal activity or metabolic activity, it certainly measures the 
magnetic changes due to neural metabolic demand, which are related to the in-
crease of local blood flow as a result of a more specific involvement of certain 
brain regions during a cognitive function (Binder & Price, 2006; Huettel, Song, & 
McCarthy, 2009). 
 
Visual word recognition and fMRI  
 
 Imaging methods have impetuously advanced in recent years and in the case 
of fMRI, it has repeatedly proven useful for the assessment of different cognitive 
processes (Binder & Price, 2006; Vendrell et al., 1995), particularly in literacy 
(Nakamura et al., 2012; Schlaggar & McCandliss, 2007). Numerous studies sug-
gest the existence of two major neural circuits involved in literacy, one posterior 
and one anterior. The former is divided into two branches, a ventral pathway 
mainly formed by the occipital-temporal region or the left fusiform circumvolu-
tion and lingual areas, commonly termed as Visual Word Form Area (VWFA; 
Cohen et al., 2000); and a dorsal pathway, mainly formed by the angular, supra-
marginal and superior temporal circumvolutions. It has been proposed that the 
ventral branch underlies the coarse morphological analysis of words and linguistic 
stimuli (Cohen et al, 2000; Woodhead, Brownsett, Dhanjal, Beckmann, & Wise, 
2011; Xue & Poldrack, 2007), while its dorsal branch participates in the phono-
logical analysis of visual information (Binder et al., 1997). Cerebral specialization 
for reading words in the posterior ventral circuit (medial area of the left fusiform 
circumvolution) is strongly lateralized to the left (Cohen et al., 2000; Dehaene & 
Cohen, 2011) and it has been compared with the specialization achieved by the 
brain areas involved in face detection (FFA-Fusiform Face Area-), located over 
the right occipito-temporal region, which is mainly formed by the fusiform cir-
cumvolution (Gauthier et al., 2000; Kanwisher et al., 2006). On the other hand, 
the anterior circuit is mainly formed by the frontal inferior circumvolution, which 
has been proposed as a participant in a finer quality analysis of written language 
and phonological recoding (Fiez, 1997; Gabrieli, Poldrack, & Desmond, 1998; 
Marslen-Wilson & Tyler, 2007). 
 In fMRI studies the quantification of the participation level or activation of 
the mentioned circuits has been done in tasks that assess any of the mentioned 
processes. Those studies have allowed the identification of functional diffe-
rences between normal readers and those with deficiencies in reading accuracy, 
reading speed, or both. Some authors have postulated that the activations in 
BOLD signal generally increases as the reader acquires expertise (Shaywitz & 
Shaywitz, 2005), while others have found hyperactivation of the anterior circuit 
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in poor readers (Pugh et al., 2000) arguing compensatory mechanisms during 
cognitive performance. In this sense, functional bilateral activation as an alterna-
tive compensatory mechanism in poor readers has also been proposed (Gebauer et 
al., 2012).  
 
Visual word recognition and orthographic transparency  
 
 The vast majority of studies related to visual perception and word processing 
have been performed in languages with opaque orthographies, in which there is 
low correspondence between letters and sounds, i.e. letters have different sounds 
depending on the word (English, e.g.: man, make, walk, in which the grapheme 
“a” represents three distinct phonemes /æ/, /i/ and /ɔI/). In contrast, spelling in 
Spanish is considered “transparent”, due to the high letter-sound correspondence 
(e.g. casa -house-, paraguas -umbrella-, planta -plant-, where the grapheme “a”, 
regardless its position or the word in which it appears, it always represents the 
phoneme /a/). Considering that learning to read is influenced by the characteristics 
of the orthography of the language and the grapheme-phoneme relationship, one 
could expect differences in underlying brain mechanisms in English and Spanish. 
The difficulties in the acquisition of the alphabetic principle involving grapheme-
phoneme conversion have been associated with slow naming speed (Bowers & 
Wolf, 1993) and a low reading fluency (Landerl & Wimmer, 2008). A low read-
ing speed has also been considered as the fundamental feature of dyslexia in 
Spanish (Gómez-Velázquez, González-Garrido, Zarabozo, & Amano, 2010, 
López-Escribano, 2007; Serrano & Defior, 2008). 
 In transparent orthographies for reading, such as Spanish or German, there 
are more difficulties in writing, because a phoneme could be represented by more 
than one grapheme (as in the case of /s/ represented by c-s-z in Latin American 
Spanish), leading to homophone errors. However, this topic has not been given 
sufficient attention (Gebauer et al., 2012; Kronbichler et al., 2007). This notion 
coincides with evidence obtained from studies on the brain areas involved in reading 
and their complex relationships with different orthographic systems, including se-
veral perspectives as those proposed by Frost (1994), Paulesu et al. (2000), or by 
Ziegler, Perry, Jacobs, & Braun (2001). These studies have underlined the Ortho-
graphic Depth Hypothesis (ODH), which constitutes the theoretical foundation of 
the present work. 
 It seems reasonable to expect that differences in the transparency of lan-
guages like those occurring in English and Spanish could determine changes in 
functional neural substrates involved in each language spelling. Furthermore, 
less transparency for writing in Spanish causes more difficulties in the ortho-
graphic recognition, especially in those individuals with lower writing skills, in 
whom the presence of reading difficulties has also been reported (González-Ga-
rrido, Gómez-Velázquez, & Rodríguez-Santillán, 2014). Following this line of 
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research, the present study aims to evaluate, through fMRI and BOLD signal 
processing methods, the brain functional activation patterns in a group of young 
adults with low spelling performance during the execution of two lexical tasks 
relying on the orthographic analysis. One could expect that subjects with low 
orthographic skills might need a compensatory hyperactivation in orthographic 
processing neural structures, particularly on ventral-posterior circuits. It is not a 
comparison with high orthographic performance subjects since orthographic tasks 
in this work don’t require special resources in highly qualified persons in spelling 
tasks. Contrary to subjects with low competition, the homophone errors acquire 
an interference role that is absent in other populations. In brief, the present work 
must be regarded as strictly descriptive for the estimation of brain areas activated 
in tasks including homophone spelling errors in subjects with low spelling abili-








 Eight young adults (M = 20.13 years, SD = 1.11, 3 female) participated volun-
tarily. At the time of the records, they were seniors in high school or attending the 
first year of college education (M = 12 years, SD = 0.39) of various schools in the city 
of Guadalajara (Mexico). All were right-handed according to the Handedness In-
ventory (Oldfield, 1971), none had a history of neurological disorder or learning 
disorder and had normal or corrected vision. All signed an informed consent and 
were financially compensated for their participation (25 €). Participants were 
intentionally selected to have low scores in five tasks that assessed the detection 
of misspellings of homophone type into four groups of graphemes (b-v, c-s-z, ll-y 
h-without h): word completing, letter dictation, word dictation, error detection 
task in a text, and free writing. The 8 participants had a performance below the 
first quartile for the total correct responses in the five tasks described in relation to 
the distribution observed for a larger sample of the same socio-demographic data 
characteristics (Gómez-Velázquez, González-Garrido, Guàrdia-Olmos, Peró-Ce-
bollero, Zarabozo-Hurtado, & Zarabozo, 2014). 
 
 
Stimuli and procedure  
 
 Sixty correctly spelled and 20 including 1-homophone error (e.g. "sapato" 
instead of the correctly spelled “zapato”) words in Spanish were presented in 
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white characters on a black background using a font arial 60 and 300 pixels per 
inch. The words were common and uncommon according to a frequency dictionary 
designed in our laboratory, and compared with those of computerized Lexicon -
LEXESP- Spanish (Sebastián, Martí, Carreiras, & Cuetos, 2000), controlling the 
frequency range to prevent biased results, due to very high or low frequencies are 
associated with different activations (Cuetos, Gonzalez-Nosti, Barbón, & Brysbaert, 
2011). 
 Stimuli were sequentially presented for 1 second, with an ISI of one second. 
They were pseudo-randomly divided into 8 blocks of 10 stimuli each. Four blocks 
included misspelling words (A1, A2, C1 and C2) and the remaining 4 only the 
correct ones (B1, B2, D1, D2). Table 1 (see next page) summarizes the experi-
mental conditions. The blocks in each of the experimental tasks were counterbal-
anced to avoid bias effects subsequent to their presentation order. Prior to each 
stimuli block, a resting activation block (R) with black screen and a fixation point 
was presented; in which the subject had none specific action to make. The fixation 
point changed its color indicating the beginning of each trial. Both tasks were 
administered randomly among the subjects. In the first task (conscious detection) 
participants had to decide whether the presented word was correctly spelled or 
not, taking the decision by pressing one of two buttons on a keyboard. The key-
board consists of a rectangular box with two buttons on top; easy to press and 
directly connected to the central computer that recorded the responses. In the se-
cond task (unconscious detection) participants had to decide whether the present-
ed word contained the letter “i” taking their decision through the same device 
buttons. Figure 1 (see page 274) schematically shows the Block Design used. The 
tasks were explained to all the participants before they were recorded in the reso-
nance device. The contrasts were performed within -and between-tasks in relation 
to baseline, according to the assumptions of mass linear models that are typically 
used in this type of analysis.  
 
fMRI Image acquisition 
 
 fMRI data were acquired on a GE Sigma Excite HDxT 1.5 T scanner (GE 
Medical Systems, Milwaukee, WI). High-resolution 8 channels quadrature anten-
na was used. T1-weighted anatomical reference images were acquired using a 
spoiled-gradient-echo sequence (SPGR, GE Medical Systems, Milwaukee, WI). 
Functional images used a BOLD EPI-GRE (blood-oxygen level dependent echo 
planar imaging gradient-echo) sequence with 32 contiguous slices, 4 mm thick-
ness with no gap and 4.06 x 4.06 mm in plane resolution; TR = 2000 ms, TE = 40 
ms, flip angle = 90, echo time = 60 ms, and FOV = 26 cm. A total of 62 whole-
brain volumes were obtained for each experimental task. 
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TABLE 1. STIMULI FREQUENCY – ABSOLUTE FREQUENCY, NUMBER 
OF ELEMENTS PER MILLION IN THE CORPUS.  
 
Note. Blocks A1, A2, C1 and C2 contain misspelled words, while the remaining blocks only contain correct 
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D1 and D2 blocks, participants were instructed to identify if the word contained a letter “i” or not, regardless of 
whether it is well written or not. Lab: frequency dictionary made in the laboratory of neurosciences at the Uni-
versity of Guadalajara. LEXESP: Spanish digital lexicon. 
 
 
Figure 1. Experimental design of both tasks – Rest (R) and activation (A,B,C, and D) blocks. 
For imaging analyses, brain volumes corresponding to “¿LISTO? -READY?-”, “COMEN-
ZAMOS -START-”, and task warning (green fixation point) were eliminated. 
 
 All functional images were transferred to offline workstations using DICOM 
format and analyzed using SPM8 (http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) 
software package in which preprocessing steps and statistical analysis were car-
ried on. The volumes corresponding to start session and start stimulation warnings 
were both excluded. The final amount of brain volumes per task was 56. The images 
were spatially realigned, readjusted according to the voxel size, and normalized 
rendering the MNI reference -Montreal Neurological Institute- and Talairach co-
ordinates. A Kernel Gaussian filter threefold voxel size in the x, y, z axes was 
used. The images shown in the results section were obtained using the MRIcron 
software (http://www.mricron.com), starting from the statistical parametric maps 





 The behavioral results suggest that the time spent by the participants to solve 
the tasks depended upon the task nature. Longer reaction times and higher amount 
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of omissions were observed when performing the spelling task (table 2). However, 
when the participants were asked to detect a single letter in a word, they almost 
had a perfect performance, with scarce amount of omissions, even though the 
proportion of correct and misspelled words were the same in both tasks. The re-
sults shown in table 2 are very expressive, but given the sample size, nonparamet-
ric tests were used to estimate the effects between tasks. All statistics test were 
significant (p <.001), implying that when participants had to perform the lexical 
decision, two large clusters of bilateral activations over temporal and parietal 
regions, as well as a small cluster of higher functional activity on the vermis of 
the right cerebellar hemisphere and other active areas corresponding to the poste-
rior cingulate and precuneus (table 3 and figure 2) are significant. Thus, these 
comparisons between activations from tasks A and B showed statistical signifi-
cance effects [F(1,784) = 12.218; p <.001].  
 
TABLE 2. BEHAVIORAL RESULTS – MEAN (STANDARD DEVIATION) AND 
MAXIMUM & MINIMUM VALUES IN THE FOUR EXPERIMENTAL BLOCKS. 
 
 
Note. Blocks A1, A2, C1 and C2 contain misspelled words, while the remaining blocks only contain correct 
words. In blocks A1, A2, B1 and B2, participants must indicate if the word is correctly written or not. In C1, C2, 
D1 and D2 blocks, participants were instructed to identify if the word contained a letter “i” or not, regardless of 
whether it is well written or not. 









A B C D 
  








Correct Responses 8.25 (2.12) 5 – 12 
12.50 (1.07) 
11 – 14 
17.13 (2.59) 
13 – 20 
18.38 (0.74) 
17 – 19 
  
Incorrect Responses 2.63 (2.07) 1 – 7 
1.63 (1.60) 
0 – 4 
0.38 (0.52) 
0 – 1 
0.25 (0.46) 
0 – 1 
  
Omissions 9.12 (3.80) 1 – 14 
5.88 (2.03) 
2 – 8 
2.50 (2.56) 
0 – 7 
1.38 (0.92) 
0 – 3 
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 Moreover, when participants had to visually recognize words and decide if 
they contained the letter “i” or not, there were only found 2 small significantly 
activated clusters, one at the right superior frontal hemisphere and the other at the 
precentral frontal lobe region (table 3 and figure 3). As it happened before, there 
were statistical significant effects when comparing the activations between tasks 
C and D [F(1,784) = 9.198; p <.001]. 
 
 
TABLE 3. ACTIVATION PEAKS WHERE BOLD SIGNAL INCREASED – ACCORDING TO THE EXPERIMENTAL 
 CONDITION, HEMISPHERE (L=LEFT, R=RIGHT) AND BRAIN REGION. LOCATION OVER THE THREE 
AXES OF COORDINATES OF TALAIRACH SPACE. ACTIVATION GROUPS (CLUSTER) AND 






Hemisphere / Region 
Talairach coordinates  Cluster 
x y z Voxels Z 
AB  
L / Middle temporal circumvolution -66 -35 -18 
51 
4.36 
L / Middle temporal circumvolution -66 -43 -14 3.80 
L / Superior temporal circumvolution -62 -43 14 3.56 
R / Middle temporal circumvolution 68 -39 -14 28 4.04 
R / Cerebellum, anterior lobe 7 -43 2 12 3.58 
L / Precuneus -13 -55 34 
40 
3.49 
R / Precuneus 7 -63 50 3.46 
L / Precuneus -5 -59 42 3.39 
CD      
R / Superior frontal circumvolution 11 54 34 21 3.36 
L / Precentral circumvolution -37 -19 66 9 3.13 
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Figure 2. Statistical parametric maps for AB task – Neurological view (L=left, R=right). The 
right column (sagital view) indicates the position of the seven axial slices. Activation maps 
represent Z scores from 8 (black-red) to 14 (yellow-white).1 
 
                                                   
1 Note. Original colored images can be found on the original paper at the journal’s webpage http://revistes.ub.edu/index. 
php/Anuario-psicologia/index 
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Figure 3. Statistical parametric maps for CD task – Neurological view (L=left, R=right). The 
right column (sagital view) indicates the position of the seven axial slices. Activation maps 





 Taking together, the behavioral results suggest that the presence of spelling 
errors in words adds further complexity to the task when the participants have to 
detect this error (Blocks AB), but it fades when participants are asked to find a 
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single letter, even though similar stimuli were used (Blocks CD). The present 
results suggest that learning processes involved in word representation (ortho-
graphic structure, phonology, semantics, etc.) have not yet been fully automated 
in the experimental group. 
 As noted in other studies, subjects with lower performance on tasks involving 
spelling and phonological conversion (e.g., detection of homophonic misspellings) 
usually show activation in different regions of temporal lobe, particularly the bila-
teral medial temporal circumvolution and the upper left temporal circumvolution. 
These results could be reflecting a higher cognitive effort of lower performers to 
succeed the task, probably involving wider regions on both hemispheres. 
 The present results did not show any significant frontal or inferior frontal 
activation, as it has been reported in other studies (Gebauer et al., 2012). This 
might be due to the fact that the task-difficulty level in the experimental tasks was 
limited, thus preventing further frontal involvement. Finally, a relevant activation 
was found at the posterior cingulate circumvolution and precuneus, which have 
been previously described in studies involving either attentional (Fransson & 
Marrelec, 2008) or memory retrieval (Maddock, Garrett, & Buonocore, 2001). In 
subjects with lower performance in orthographic tasks, this functional activation 
could be reflecting a difficulty to retrieve the mnesic representation of the word, 
or as an alternative, difficulty to sustain the attention enough to fulfill task de-
mands. 
 When participants were instructed to detect a specific target letter in a word, 
there was a unilateral right frontal activation localized in the superior frontal cir-
cumvolution. It seems that this simpler task was not cognitively demanding prob-
ably because even though some words also contained orthographic errors, these 
participants did not invest resources to detect these types of mistakes. Their focus 
was on detecting the letter “i” regardless if the word was correctly spelled or not. 
Therefore, it could be expected that highly proficient readers have developed 
more specialized brain circuitry for the automatic detection of orthographic errors 
and thus even if instructed to only detect the letter “i”, it would be impossible for 
them not to simultaneously process if the word was well written. Hence suggest-
ing it would be methodologically convenient to administer more complex tasks to 
highly skilled readers in future experimental designs. 
 Based on current findings, one could argue that even though both experi-
mental tasks were similarly designed, both contained frequent and infrequent 
words as well as correct and incorrectly spelled words (homophone errors), the 
brain regions that exhibited greater demand of metabolic resources were different. 
The BOLD signal activations were distinct and bilateral activations were only 
observable in the active orthographic error detection task. 
 Altogether this suggest that different activation patterns correspond to the 
type of task being performed, with a clearly defined bilateral activation corre-
sponding to A and B tasks and a more diffuse activation corresponding to C and 
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D tasks. This differential activation pattern could be characteristic of individuals 
with poor reading proficiency. Until now, this orthographic transparency effect 
had not been identified in readers with low orthographic competence. It should be 
noted that the small sample size is a shortcoming when it comes to drawing con-
clusions and interpreting the results. The significant and sustained effects should 
be analyzed in sequence with more complex tasks and in a scanner with higher 
spatial resolution. 
 Furthermore, we consider it would be convenient to use these tasks with the 
objective of studying specific models that include behavioural measures and he-
modynamic function in an event related experimental design with a longer stimu-
lus exposure interval. Also convenient would be to study this phenomenon in 
experimental samples with different levels of orthographic competence, as well as 
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